Abstract. The relativistic quark model is presented. The quark-antiquark potential for the Schrödinger-like equation is constructed with the account of retardation effects and one-loop radiative corrections. It consists of the one-gluon exchange part and the confining part which is the mixture of the Lorentz scalar and Lorentz vector contributions. The latter contains both the Dirac and Pauli terms. In the v 2 /c 2 approximation the mass spectra of heavy quarkonia (charmonium and bottomonium) are calculated in good agreement with experiment. In the case of heavy-light mesons (B and D) the light quark is treated completely relativistically and only the expansion in the inverse heavy quark mass is used. The mass spectra of the ground and excited states of D, D s , B, B s mesons are calculated. They exhibit some features of the so-called "level inversion". The obtained results are generally in accord with experimental data. Still there exist some discrepancies between measurements of different collaborations
INTRODUCTION
The heavy flavour studies lie on the frontiers of elementary particle physics. The investigation of heavy meson mass spectra provides substantial information about the nonperturbative content of quantum chromodynamics (QCD) and fundamental parameters of the relativistic quark model. Since it is impossible to give here any kind of comprehensive review of the subject we present instead the consideration based mainly on two papers [1, 2] . They are extended to include recent experimental data and should be taken as an illustration of theoretical approaches.
RELATIVISTIC QUARK MODEL
In the quasipotential approach the meson is described by the wave function of the bound quark-antiquark state, which satisfies the quasipotential equation of the Schrödinger type in the centre-of-mass frame:
where µ R is the relativistic reduced mass
, and b 2 (M) denotes the on-mass-shell relative momentum squared
The kernel V (p, q; M) is the quasipotential operator of the quark-antiquark interaction. It is constructed with the help of the off-mass-shell scattering amplitude, projected onto the positive energy states. We have assumed that the effective interaction is the sum of the usual one-gluon exchange term and the mixture of vector and scalar linear confining potentials. The quasipotential is then defined by
where α s is the QCD coupling constant, D µν is the gluon propagator in the Coulomb gauge and k = p − q; the Dirac spinor is given by
The effective long-range vector vertex has the form
where κ is the nonperturbative anomalous chromomagnetic moment of quarks. Vector and scalar confining potentials in the nonrelativistic limit reduce to The anomalous chromomagnetic quark moment κ = −1 is determined from the heavy quark expansion and from fitting the fine splitting of heavy quarkonia 3 P J states. The long range chromomagnetic contribution to the potential is proportional to (1 + κ) and vanishes for κ = −1 in accord with the flux tube model.
HEAVY QUARK-ANTIQUARK POTENTIAL
With the account of retardation effects and one loop radiative corrections the spinindependent potential reads as [1] V SI (r) = − 4 3ᾱ
ln(µr) r
Here n f is a number of flavours, µ is a renormalization scale and the subscript W means the Weyl ordering of operators. The spin-dependent part of the quark-antiquark potential for equal quark masses
where L is the orbital momentum and S a,b , S = S a + S b are the spin momenta. The total angular momentum is J = L + S.
HEAVY QUARKONIUM MASS SPECTRA
The heavy quarkonium is similar to the positronium atom and its levels are usually specified by the notation n (2S+1) L J , where n is the radial quantum number. The results of calculations of heavy quarkonium mass spectra on the basis of Eqs. (1), (3), (4) are presented in Tables 1 and 2 [1] .
Recently the contribution of the finite c-quark mass to the bottomonium mass spectrum in one loop was considered in our model [4] . The correction to the bb static poten- 
Averaging over solutions of Eq. (1) with the Cornell potential yields the following bottomonium mass shifts: State 1S 1P 2S 1D 2P 3S δV , MeV −12 −9.3 −8.7 −7.6 −7.5 −7.2 .
These shifts are within the estimates of theoretical uncertainties (∼ 10 MeV) and partially could be adsorbed either in the value of the constituent b quark mass or in the constant term B of the confining potential.
MASS SPECTRA OF B B B AND D D D MESONS
The B and D mesons are alike the hydrogen atom with the heavy quark Q = b, c near the centre-of-mass and the light quark q = u, d, s orbiting around it. Thus it is appropriate to make the expansion in the inverse heavy quark mass. In the limit of infinitely heavy quark (m Q → ∞) its mass and spin decouple and as a result heavy quark symmetry arises. In this limit the meson angular momentum is a sum of the orbital momentum L and the light quark spin S q i.e. j = L + S q . The 1/m Q correction to the Qq potential depends on the heavy quark spin S Q and leads to the spin-spin interaction. The total angular momentum is J = j + S q . Thus, for S-wave mesons there is a doublet of j = 1/2 states with J P = 0 − , 1 − (P is the meson parity) which are degenerate in the limit m Q → ∞. For P-wave mesons there are similarly two doublets of initially degenerate states with j = 1/2 (J P = 0 + , 1 + ) and j = 3/2 (J P = 1 + , 2 + ). The j = 1/2 levels are expected to be broad because they decay in an S-wave, while the j = 3/2 levels should be narrow since they decay in a D-wave.
The heavy-light quark-antiquark potential in configuration space in the limit m Q → ∞ reads as [2] 
The 1/m Q correction to the potential (5) is given by [2] 
Here the prime denotes differentiation with respect to r, L is the orbital momentum, S q and S Q are the spin operators of the light and heavy quarks, S = S q + S Q is the total spin. First Eq. (1) is solved numerically with the complete potential (5) and then the corrections (6) is treated perturbatively. The results of the calculation of heavy-light meson mass spectra are presented in Tables 3-6 and in Figs. 1-4 [2] .
From Figs. 1-4 it follows that in the limit m Q → ∞ the P-wave doublet with j = 1/2 lies higher than the one with j = 3/2 (abnormal level ordering), i.e. these doublets are inverted. For finite m Q the hyperfine splitting of the doublet states makes this picture much more complicated (some of the levels from different doublets overlap). Only for B mesons the pure inversion is preserved. In the limit m Q → ∞ heavy quark symmetry predicts simple relations between the spin-averaged masses of B and D states
From Tables 3-6 the following values (in GeV) for the calculated mass differences can be obtained
Thus relations (7) are satisfied with good accuracy. The hyperfine mass splittings of the initially degenerate P states 
CONCLUSIONS
So one may conclude that for heavy quarkonium mass spectra most of theoretical calculations are generally in good agreement with high-precision experimental data. This makes possible an accurate determination of fundamental parameters governing the dynamics of the heavy QQ interaction. On the other hand, for heavy-light meson mass spectra the situation is much more indefinite and unclear in both theory and experiment. Not all models predict the P level inversion. The broad j = 1/2 levels are very poorly studied due to difficulties in their observation. Much further work is required to remove discrepancies between existing experimental data. 
